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MODEL MEMBRANE SYSTEMS 



FIELD OF THE INVENTION 

5 The present invention relates generally to the use of metal chelator lipids to modify 
biological and/or synthetic membranes or liposomes for the purpose of altering biological 
responses, or for targeting these structiffes to a specific cell type or tissue to achieve a 
therapeutic effect^ when administered in vivo. The mvention provides a means of 
modifying the properties of biological and/or synthetic membranes and liposomes for the 
10 purpose of altering immunity when used as vaccines, or for the targeting of drags and other 
agents to specific cell types or tissues when administered in vivo for therapeutic purposes 
or for modifying a pfayszological response or biological function, 

BACKGROUND OF THE INVENTION 

Bibliographic details of the publications numerically refeired to in this specification are 
collected at the end of the description. 

In biological systems such as cells, bacteria or viruses, the siirface membrane-associated 
biomolecules or receptoi^ often exist as molecular structures consisting of two or more 
molecular conq>onents called subunits; these subunits may be identical, or molecularly 
distinct. The binding of natural ligand moIecule(s) to receptor subunits may induce non- 
covalent aggregation or oUgom^zation of these receptor components on the lipid 
membrane stmcture. The oligomerization event is often an essential part of the mechanism 
by which the receptor can transduce transmembrane signals for triggering the induction of 
biological responses by the ligand molecule(s). in addition, the ability of certain receptors, 
or components thereof, to aggregate spontaneously may affect their ability to interact with 
ligands. Ligand molecules may be growth factors, c3rtokines, hormones, proteins, 
glycoproteins, polysaccharides, or any surface exposed or sub-cellular component of a cell, 
viral or subviral particle, or other infectious agent, which can bind to the receptor. 
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Recently a technique has been described in which the linkage of a recombinant hexa- 
histidine-tagged protein with nitrilotriacetic acid (NTA) is used to reversibly immobilize 
hexa-histidine-tagged proteins onto the soHd SOTsing surface of a BIAcore surface plasmon 
resonance biosensor (1-5). The formation of a hybrid octadecanefhiol/phospholipid 
membrane on the BIAcore sensing surface also has been described (6), enabling analysis 
of flie binding of streptavidin to biotinylated phosphatidylethanolaraine in the bilayen In 
addition, the immobilization of histidine-tagged biomolecules to bilayer membranes via 
chelator Iqiids Iflce NTA-dioctadecylamine has been demonstrated by epifluorescence 
microscopy and film balance techniques (7-8). 

These prior art techniques do not desmbe a means of modifying the properties of 
biological and/or synthetic membranes and liposomes for the ptnpose of altering immunity 
when used as vaccines, or for the targeting of drags and other agents to specific cells or 
tissues when administered in vivo for either therapeutic pxuposes or for modifying a 
physiological response or jFlmction. 



There is a need, therefore, to anchCH* molecules to membranous materials for use, for 
example, in vaccine preparations, as agents for modifying immunological responses, as 
therapeutic agents, and for targeting dmg delivery systems. 
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SUMMARY OF THE INVENTION 



Throughout this specification, unless the context requires otherwise, the word "comprise", 
or variations such as **coinprises** or "comprising*', will be understood to imply the 
5 inclusion of a stated element or integer or group of elements or integers but not the 
exclusion of any otiier element or integer or group of elements or integers. 



The present mvention provides a method of modijfying the properties of biological and/or 
syn&etic membranes or liposomes, or combinations fliereoJ^ for the purpose of altering 
10 immunity, or for the targeting of drugs and other agents to a specific cell type or tissue 
when admiiusteied in vm? for therapeutic purposes. The method comprises the use of some 
amphiphilic molecules which become incorporated into the said membrane or liposomes, 
wherein a proportion of the amphiphilic molecules have been modified by a covalent 
attachment of a metal <^elating group such that some of the metal chelating groups are 
15 oriented toward the outside surface of said membrane; which method comprises the step of 
interacting a receptor domain which is covalently attached to a polypeptide tag with said 
membrane or liposome for a time and under conditions sufficient for said polj/peptide tag 
to attach to said membrane via the outwardly facing metal chelating residues of said 
membrane, such that the receptor domains are enable of int^m:ting specifically with a 
20 Irgand molecule on cells and tissues within the body. Preferably, the specific interaction 
between the iecept<»: domait^ and associated said membrane providing a means of altering 
immunity when used as vaccines, or of targeting membrane encapsulated or incorporated 
drags and other agents to a specific cell type or tissue, when administered in vivo for 
therapeutic purposes or for modifying a physiological response or biological fimction. 

25 

One aspect of the present invention provides a method of modifying biological and/or 
synthetic membranes or liposomes, or combinations thereof, for the purpose of altering 
inraiunity, or for the targeting of drags and other agents to a specific cell type or tissue 
when administered in vivo to achieve a specific therapeutic effect, said method comprising 
30 incorporating amphiphilic molecules into the said membrane or liposomes, wherein a 
proportion of the amphiphilic molecules have been modified by a covalent attachment of a 
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metal chelating group such that at least some of the metal chelatmg groups are oriented 
toward the outside surface of said membrane or liposomes, which method also comprises 
the step of interacting a recq>tor domain which is covalently attached to a polypeptide tag 
with said membrane or liposomes for a time and under conditions sufficient for said 
5 polypeptide tag to attach to said membrane or liposomes via the outwardly feeing metal 
chelating residues of said membrane or liposomes, such that the receptor domains are 
capable of interacting specifically with a ligand molecule that exists on a particular cell 
type or tissue within the body, 

10 Another aspect of the present invention provides a mediod of targeting synthetic 
liposomes, made to encapsulate/incoiporate a drug or therapeutic agent, to a specific cell 
type or tissue in vivo, by engrafting specific targeting molecules onto the liposomes, said 
method comprising: 



''^ff 15 (i) preparing a suspension of liposomes with chelator lipid incorporated, firom a first 

.» Upid or phospholipid and a second lipid or phospholipid, wherein said second 

JTI lipid or phospholipid has been modified by covalent attachment of a metal 

ry chelating group such as nitrilotriacetic acid (NTA), with some of the NTA 

■yi residues attached to the second lipid or phospholipid of said micelle {e.g, 

m 20 liposome) suspension oriented toward the outside surface of said membrane; 

such liposomes also can be prepared in the presence of, or be made to contain 
after preparation, any appropriate drug or therapeutic agent which can be 
encapsulated/incoiporated into the liposomes; 

25 (ii) incubating the liposomes with a recombinant protein or target molecule bearing 

an appropriate metal affinity tag, for a time and under conditions sufficient for 
said polypeptide tag to attach via the NTA-chelating linkage to the outwardly- 
feeing NTA residues of said liposomes; 

30 (iii) if necessary, removing excess protein by washing, filtering or other washing 
means and suspending the liposomes in an appropriate solution; and 
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(iv) administering in vivo the engrafted liposomes containing the 

encapsulated/incorporated drug or agent to allow targeted delivery to a specific 
cell type or tissao to achieve a therapeutic effect. 

5 

A further aspect of the present invention contemplates a me&od for altering the 
immmiogenicity of a target cell or membranous component thereof^ said me&od 
comprising engrafting a molecule onto flie membrane of said target cell or component by:- 



10 (i) preparing a su^>^ision of chelator lipid or liposomes containing the chelator 

lipid; 

(ii) incubating a suspension of cells or membranous structures with a suspension of 
the chelator Hpid, or liposomes containing the chelator lipid, to allow the 

15 chelator lipid to incoiporate into the membrane of cells or membranous 

components; 

(iii) if necessary, washing away excess or unincojEporated lipid or liposomes; 

) (iv) incubating the cells or membranous structures wifli a solution of said molecule 

to be anchored; and - 

(v) if necessary, washing away excess or unbound soluble molecule, and sus- 

pending the cells or stmctures in a solution suitable for administration m vivo. 



Yet another a^ect of the present invention provides a method of modifying biological 
and/or synthetic membranes and liposomes to achieve a specific therapeutic effect, such as 
the induction or modulation' of an immune response or other physiological or biological 
response, when administered in vivo^ said method comprising:- 
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(i) preparing a suspension of chelator Kpid or liposomes composed of a mixture of 

lipids and the chelator lipid; or 



(ii) incorporating the chelator lipid onto the cells or membranes, by incubating a 
5 suspension of the cells or membranes with a suspension of liposomes 

containing the chelator lipid, and if necessary, washing away excess or 
unincoxporated hpid or liposomes; 

(iii) incubating the liposomes, cells or membranous stractures with a solution of a 
0 recombinant protein(s) or target molecule(s) possessing an appropriate metal 

affinity tag; and 

(iv) washing away excess or unbound soluble protein, and suspending the 
liposomes, cells, or membranous stmctures in a solution suitable for 

; admmistration m vivo. 



Still another aspect of tibe present invention contemplates a method of targeting cells 
biological and/or synthetic membranes and liposomes to a particular cell type or tissue 
within the body, said method comprising engrafting onto the membrane structure a 
molecule having a binding partner on the particular cell or tissue to be targeted by:- 

0) preparing a suspension of chelator lipid or liposomes containing the chelator lipid; 
or 

(ii) incubating a suspension of the cells or membranous structures with a susp^sion of 
the chelator lipid to allow the lipid to become incorporated; 



(iii) if necessary, washing away excess or unincorporated lipid; 



(iv) incubating the liposomes or membranous structures with a solution of molecules to 
be anchored; and 



AMENDED SHEET 
ilPEA/AU 



11:20 ;DAVIES COLLISON CAVE P a t . StT r a d 



;61 7 3368 2262 



# 11. 



PCT/AUOO/003 
Received 6 March 20 



' -7- 

(v) if necessary, washing away excess or unboimd soluble molecule, and suspending 
the liposomes or structures in a solution suitable for administration in vivo. 

Even yet another aspect of the present invention contemplates a method of treatment, said 
method comprising administering to a subject an effective amount of a liposome 
preparation or membranous material comprising an encapsulated or incorporated drag or 
active material, and an engrafted targeting molecule having a binding partn^ on the 
particular cell type or tissue to be targeted in vivo. 

Even still another aspect of the preset invention provides a vaccine composition 
comprising cells, liposomes, vesicles or membranous material having engrafted thereto 
molecules capable of modifying an immxmological response to a subject to which the 
vaccine is admimstered, said vaccine further comprising one or more pharmaceutical 
carriers and/or diluents. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is an illustration of the use of a metal-chelating linkage to modify the surface of 
cells, biological and/or synthetic membranous structures to alter the properties of these 
5 stmctures, thereby allowing them to be used for therapeutic purposes. The illustration 
depicts the engrafbnent of receptors bearing a hexa-histidine tag onto tihe surface of a cell 
or biological/synthetic membrane, such as the plasma membrane of cells or the membrane 
of sub*cellular membranous structures and onto the surface of artificial vesicles or 
liposomes. The recombinant protein is engrafted onto the membrane structure through the 
10 binding of the hexa-^histidine tag on the protein to the NTA metal-chelating headgroup on 
^ the chelator lipid (denoted NTA-DTDA; tins may also be referred to as di-C14-NTA) 

which has been incoiporated into fiie membrane. 

•SSST 

w 

if i 

figure 2 is the fluorescence profile, as measured by fluorescence-activated cell sorting, of 
n 15 P815 cells engrafted with biotinylated and hexa-histidine^tagged CD40 and B7.1 

molecules and then stained with streptavidin-FITC. 

Figure 3 is a graphical representation showing an induction of tumor-specific cytoxicity in 
T lymphocytes isolated fix>m mice vaccinated with tumor cells bearing engrafted co- 
y 20 stimulator molecules. Syng^ieic DBA/2 mice were iznmuni2sed subcutaneously with either 

PBS or I X 10^ y-iziadi^ed P815 cells engrafted with the recombinant proteins: EPOR-^6H, 
B7.I-6H5 and B7,1-6H plus CD40-6H, as indicated- Spleens were removed from the mice 
14 days after immunization, and T lymphocytes (effector T cells) were isolated, suspended 
in incubation medimn and aliquoted into 24-well fiat-bottom plates at a concentration of 1 x 
25 10^ cells/well, and then co-cultured with 1 x 10^ y-ircadiated native P815 cells. After 5 days 
co-culture at 37°C in the presence of 5% CO2, the cells were incubated with ^^Cr-labelled 
native P815 cell targets for 6 hrs at 37^C at the indicated E:T ratio, before harvesting the 
supematants and determining the amount of ^^Cr released through specific lysis. Results are 
expressed as the percentage specific lysis + SEM, calculated as described in the Materials 
30 and Methods, 
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Figures 4(a) and (b) are graphical representations showing induction of tirnior immunity 
by immunization with P815 tumor cells engrafted with recombinant co-stimulatory 
molecules. Mice were inomunized by injection of either PBS or 1 x 10^ y-iiradiated P815 
cells mgrafied wifli recombinant protein(s) including: EPOR-6H, B7.1-6H, and B7.1-6H 
5 plus CD40-6H, as indicated. Two weeks after injection the mice in each group were 
challenged with 1 x 10^ native P815 cells by subcutaneous injection, and then monitored 
for tumor growth and survival* Each point in (A) represents the mean tumor diameter for 
each group of mice as a function of time for the first five weeks. The data in (B) show the 
. perc^tage survival of the animals with time. 

Figure 5 is a graphical representation showing that binding of fluorescently-labelled 
liposomes to DIO cells (murine CD4+ T cells) is significantly greater when the liposomes 
are engrafied witii' either of the co-stimulatory molecules CD40 and B7.1, than when 
engrafted with a control protein EPOR. (Note that the DIO cells express ligands for B7. 1 
and C3D40 but no ligand for EPOR.) The liposomes, composed of the lipids: PC:NTA- 
DTDA:FITC-PE (10:1:0.1 molar ratio), were engrafted with one or more recombinant 
prot^ (as indicated, EPOR, B7.1 ssid CD40) each bearing a hexa-faistidine tag. The 
fluorescence profile of the celts in each condition (which reflects the extent of binding of 
the liposomes to the cells) was determined by fluorescence-activated cell sorting; the 
background fluorescence of cells (indicated **cells") is shown for comparison. The results 
indicate that the bmding of liposomes engrafied with an ^propriate recombinant protein is 
specific lor the type of engrafted protein and, therefore, that liposomes bearing engrafied 
recombindnt proteins can be targeted to cells expressing the appropriate cognate receptor. 

figure 6 is a graphical representation showing that synthetic liposomes engrafted with the 
co-stimulatory molecules B7.1 and CD40 can specifically stimulate the adherence of DIO 
cells (murine CD4+ T cells) to the culture dish. Cultured DIO .cells were suspended in 
complete growth medium (RPMI 1640 plus 10% v/vFCS, 50 U/ml IL~2, antibiotics and 50 
p,M p-mercaptoeflianol). The recombinant proteins EPOR, CD40 and B7.1 (each with a 
hexa-histidine tag) were mixed with the cells either in soluble form (as indicated sEPOR, 
sB7.1 and sCX)40) or engrafted onto liposomes composed of PC and NTA-DTDA (10:1) 
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(as indicated NTA-DTDA-EPOR, NTA-DtDA-B7.1 and NTA-DTDA-CD40), before 
plating the cells into separate wells of a 12-well Linbro tissue culture plate and incubating 
in growth medium for 2 hrs at 37**Q After the incubation, the non-adherent cells were 
removed from the wells by washing feree times with PBS, and the remaining adherent cells 
were removed with a solution of 1 mM EDTA and coimted microscopically. The data 
shows the proportion of adherent cells for each condition. The results demonstrate that 
liposomes bearing engrafted co-stimulatoiy molecules (i^c. B7.1 and/or CD40) can be used 
to modify immunological responses. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In one embodiment, flie present invention contemplates the use of a method of engrafting 
the extramembranous or transmembrane domains of receptors onto biological and/or 
5 synthetic membranes or liposomes to overcome one or more of the foregoing shortcomings 
ofthe prior art* 

Accordingly, the present invention provides a method of modij^dng biological and/or 
syndietic membranes or liposomes^ or combinations thereof, for the purpose of altering 
10 immunity, or for the targeting of dm^ and other agents to a specific cell type or tissue 
when administered in vivo to achieve a specific therapeutic effect, said method comprising 
incorporating amphiphilic molecules into the said membrane or liposomes, wherein a 
proportion of the amphiphilic molecules have been modified by a covalent attachment of a 
metal chelating group such that at least some of the metal chelating groups are oriented 
15 toward the outside surface of said membrane ox lq)osomes, which method also comprises 
the step of interacting a receptor domain which is covalently attached to a polypeptide tag 
with said m^nbrane or liposomes for a time and und^ conditions sufficient for said 
polypeptide tag to attach to said membrane or liposomes via the outwardly fkcing metal 
chelating residues of said membrane or liposomes, such that the receptor domains are 
capable of interacting specifically with a ligand molecule that exists on a particular cell 
type or tissue within the body. 

Receptor domains may also be composed of proteins, glycoproteins or proteoglycans, 
oligosaccharides, or firagmmts or fimctional equivalents thereof. 

A prefOTcd metal chel^g group for use in the present invention is nitrilotriacetic acid 
(NTA). 

A biological membrane represents any membranous or lipid-containing material obtdned 
from biological systems such as cells, tissues, bacteria, viruses, or components thereof. 
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Synthetic membranes and/or liposomes may be any artifitial Upid-containing structures 
such as a suspension of micelles (e^g, liposomes)' Jformed from amphiphilic molecules, 
wherein a proportion of the amphiphilic molecules has been modified by covalent 
attachment of a metal chelating group. The synAetic membranes or liposomes can be 
5 formed by mechanical agitation of flic lipid mixture in water or aqueous bxxffer such as by 
sonication and/or by the use of extrusion/filtration techniques and/or by the addition of 
water or aqueous buffers to an ^propriate solution of amphiphilic molecules in an organic 
solvent or any combination of these. 

10 Xbe amphiphilic molecules are normally surfactant molecules having a hydrophilic 'liead" 
portion and one or more hydrophobic *^ails**. Sur&ctants may be any of the known types, 
i.e. cationic (e.g- quaternary ammonium salts), anionic (e.g. organosulibnate salts), 
zwitterionic (e.g. the phospholipids: phosphatidylcholines and 

phosphatidylethanoIaminesX membrane spanning lipid, or non-ionic (e.g. polyether 

IS materials). 

Synth^c membranes and/or liposomes may be comprised of more than one type of 
amphiphilic molecule. In a preferred embodiment, the synthetic m^nbrane or liposome is 
comprised of a jBrst phospholipid and a second phospholipid. 

Thus^ in a preferred form, the present inv^tion contemplates a method of modifying 
biological and/or synthetic membranes and liposomes^ by using metal chelating groups to 
engraft extramembxanous or transtnembrane receptor domains onto the said membranes or 
liposomes, (hereby allowing these stmctures when administered in vivo to be targeted to 
any cell type or tissue that expresses a ligand for the recq>tor domains^ for the puipose of 
achieving a therapeutic eHect or for inducing or modifying a physiological response. 

in a further preferred form, the first phospholipid is phosphatidylcholine (PC) and the 
second lipid is either nitrilotriacetic acid ditetradecylamine (NTA-DTDA) or 
nitrilotriacetic acid phosphatidyleflianolamine (PE-NTA), and the molar ratio of PC:NTA- 
DTDA or PC:PE-NTA is about 10:1. However, the first phospholipid can be any 
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phospholipid or hydrocarbon, or a mixture of any phospholipids or hydrocarbons, capable 
of foiming a liposomal suspension; and the second phospholipid can be any lipid with a 
metal chelating headgroup which can be used to anchor or engraft recqjtor domains using 
a suitably engineered tag on the domain. In addition, the ratio of the first to the second 
5 phospholipid can be varied depending on the desired density of receptor domain molecules 
to be achieved on the biological membranes or hposomes. 

Preferably, flie polypeptide tag comprises a sequence of at least six amino acid residues 
such as a hexa-histidine molecule, but can be any sequence of amino acids that can bind 
1 0 strongly through the formation of a complex with the metal chelating component of a lipid 
containing a metal chelating group such as NTA. In one application of the subject 
invention the molecule is rqiresented by the T cell costimulatory molecmes B7A (CD80) 
and CD40. In another form of fee instant invention, the molecule is the ligand called 
vascular endothelial cell growth &ctor (VEGF)- More particularly, the receptor may be any 
cell surface receptor or ligand, or domains of such receptors or ligands. 

Receptor domains can be engineered to have a hexa-histidine COOH-tail, or NHa-tail using 
standard recombinant DNA techniques/ A hexa-histidine tag also may be covalently 
attached to receptor domains, proteins^ glycoproteins, polysaccharides, ^d other 
molecules by chemical means. 

The present invention thus utilises metal chelating lipids to modi^ the properties of 
biological and/or synthetic membranes and liposomes, for therapeutic puurposes and 
biological targeting in vivo to achieve a tfaer^eutic^ effect This technology is ideal in a 
preferred embodiment for modifying the properties of biological and/or synthetic 
membranes and liposomes for the purpose of altering immunity when used as vaccines, or 
for the targeting of drags and other agents to specific cells or tissues when administered in 
vivo, for either therapeutic purposes, or for modifying a physiological response or 
biological function. 
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The use of a metal chelating linkage for modifying the biological properties of the said 
membrane systems of the present invention is also useful for targeting liposomes or 
vesicles which through the specificity of the liposome engrafted molecule(s) can target and 
deliver drugs, DNA/RNA or any tiierapeutic agent that can be encapsulated or incorporated 
5 into the liposomes, to specific cell types or tissues when the liposomes are administered in 
vivo. 

According to this aspect of the present invmtion, there is provided a method of targetiag 
synfiietic liposomes, made to encapsulate/inooiporate a drug or ther^eutic agent, to a 
10 specific cell type or tissue in vivo, by engrafting specific targeting molecules onto the 
liposomes, said method compiising:- 

(i) preparing a suspension of liposomes with chelator lipid incorporated, jfrom a 

first lipid or phospholipid and a second lipid or phospholipid, wherein said 

15 second lipid or phospholipid has been modified by covalent attachment of a 

metal chelating group such as m'trilotriacetic acid (NTA), with some of the 
NTA residues attached to the second lipid or phospholipid of said micelle (e^g- 
liposome} suspension ori^ted toward the outside surface of said membrane; 
such liposomes also can be prepared in the presence of, or be made to contain 

to after preparation, any dmg or tfa^:apeutzc ag^t which can be 

encapsulated/incoiporated into &e liposomes; 

(ii) incubating the liposomes with a recombinant protein or target molecule bearing 
an appropriate metal affinitv tag, for a time and under conditiQns-suffic ifint-fQr 



said polypeptide tag to attach via the NTA-chelating linkage to the outwardly- 
facing NTA residues of said liposomes; and 

(iii) if necessary, removing excess protein by washing, filtering or other washing 

means and suspending the liposomes ia an appropriate solution. 
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(iv) administering in vivo the engrafted liposomes containing the 

encapsulated/incoxporated dmg or agent to allow targeted delivery to a specific 
cell t>pe or tissue for therapeutic purposes. 

5 In a preferred embodiment^ the molecules may be engrafted onto liposomes by the 
following mefiiod:- 

preparing a susp^ision of liposomes from a mixture of a phospholipid such as 
l-palmitoyI*-2-oleoyl-phosphatidyIcholine (POPC) and a chelator lipid such as 
NTA-DTDA, in an aqueous solution such as PBS (phosphate buffered saline) 
containing a concentration of Ni^ or Zn^ ^proximately equal to that of the 
NTA-DTDA. The liposomes can be produced by sonicating the mixture for 5- 
10 mins at a temperature above the Tm. Alternatively, the liposomes can also 
be produced by dissolving the fipids in an ethanoiic solution and then 
dispessing in aqueous bufEer, or by extruding an acqeous suspension of the 
lipids through polycarbonate or similar jBIter of suitable pore size. Typically, 
the molar ratio of POPC:NTA-DTDA can be 10:1, and the total final lipid 
concentration can be ^ 0.5 mM, but each can be differ^t; 

rj 20 (ii) washing the liposomes by pelleting (by centrifuging at —95,000 x g for 30 nrin 

at 4*'C) and removing the si^ematan^ or by filtration techniques, and then 
susp^ding the liposomes in an appropriate volume of the buffering solution to 
facilitate incubation with die tagged protein(s); 

25 (iii) incubating the liposomes with a recombinant protein (e,g. himian hexa- 

histidine-tagged VEGF, vascul^ endothelial growth factor), or a combination 
of different recombinant proteins, each bearing a hexa-histidine or other 
suitable metal affinity tag to allow it to be anchored onto the liposomes; and 



m 



(i) 



10 



15 
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(iv) removing excess soluble or unincorporated protein by washing the Jiposomes 

as in step (ii) above, then suspending them in PBS or other buffer solutiori 
suitable for administration in vivo. 

Different lipids or combinations of lipids can also be used in conjunction with the chelator 
lipid to give &e liposomes specific properties. For example, the gangUoside GMl or 
derivatives of polyethylene glycol can be included in the mixture (in step (i) above) to 
produce liposomes with **stealfh" properties (9) to avoid them being taken up by 
macrophages or by tiie liver or ^leen when used as vaccines in vivo. Also, step (i) can be 
carried out in fbc presence of a drag, DNA or other therapeutic ag^t for the purpose of 
encapsulating the material and permitting it, when administered in vivo, to be delivered to 
specific cells or tissues defined by the specificity of the engrafted molecule(s). For 
example, liposomes wife engrafted VEGF (vascular endothelial growth factor) can be used 
to target angiog^c epithelimn which is known to express the VEGF receptor and is 
required for tumor growth. Liposomes with engrafted VEGF, therefore, can be used to 
deliver a cytotoxic drug or agent that can block flie growth of new blood vessels needed for 
the growth of tumors. The cytotoxic dmg or agent is encapsulated within the liposome. 

Examples of suitable molecules in accordance with this aspect of the present invention 
20 includes therap^tic molecules, pharmaceutical compoimds and nucleic acid molecules 
such as KNA and DNA* A particularly useful molecule is VEGF or its homologue, VEGF 
and its homologues are also useful for targeting liposomes to cells carrying VEGF 
receptors. Accordingly, the molecules contemplated by this aspect of the present invention 
f^^^^^,^ y^^^f^iTes having hmdm^ parfners nn farp etj Hssue. Prftfera bbf^ e m o lecnles-ane — 
25 engrafted onto liposomes that also contain encs^sulated or incorporated a drag or 
therapeutic agent 

Examples of active material include, but are not limited to, a recombinant polypeptide, co- 
stimulatory molecule, therapeutic drag or nucleic acid molecule. In one example, VEGF is 
30 engrafted onto a liposome to target a cytotoxic drag to block the growth of new blood 
vessels needed for the growth of tumors. 
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Biological and/or synthetic membranes, liposomes or vesicles also can be engrafted with 
recombinant molecules for the purpose of developing vaccines and/or to produce a specific 
biological or therapeutic effect when administ^ed in vivo. 

Current methods of modifying the surfaces of cells to be used as vaccines for altering 
immunity to disease (e.g. the immune response to tumors - see below) generally require the 
transfection or genetic manipulation of the tumor cells, to induce them to express one or 
more specific protein(s) on their surface (10-12), For example, in both animal and human 
tumor models evidence suggests that the transfection of tumor cells with genes inducing 
them to express T cell costimulator molecules like B7-1 (C3>80), B7-2 {CD86), CD40 and 
ICAM-1 on their sur&ce, may be a useful approach to prepare the cells for use in 
vaccinations to eixhance tumor immunity in the tumor bearing host (13-21). Unfortunately, 
in a clinical setting, such as in the treatment of cancer in humans, the transfection of timior 
cells with such genes can be time consuming and inconvenient- Thus, the frequency of 
transfection is generally low, and successful transfection wifli multiple genes (to induce 
expression of multiple proteins on the tumor cell surface) can be difficxilt to achieve. 
Furthermore, transfection techniques^ even when carried out by the use of seemingly 
harmless viral vectors, can be associated with risks to the patient owing to the difficulty in 
precisely controlling the expression of Qte gene or its integration into the genome. 

The present invention further provides a more convenient and safe method of engrafting 
co-stimulatory and other molecules directly onto the surfeces of cells (such as tumor cells) 

and oflier membranons stmctares ( e ither biological or synthetic^. that -can-Ja ^ used as 

25 vaccines to enhance or modify immunity to tumors and other diseases in humans. 

Thus, the NTA-metal chelating linkage can be used to engraft molecules directly onto 
biological membranes (e«g« the membranes of cells or subcellular particles), once a 
chelator lipid (e.g. NTA-DTDA) has been incorporated into the membranes, thereby 
30 providing a conv^ent way of modifying the biological properties of these membranes. 
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A further aspect of the present invention thus provides for altering the immzinogenicity of a 
target cell, or membranous component or stmcture. This may be readily accomplished by 
engrafting onto the cell or membranous -structure foreign polypeptides, polysaccharides, 
glycoproteins^ receptors, ligands and other molecules. Altering the immunogenicity of cells 
5 such as tumor cells, or components thereof^ is a useful way of producing cell-based 
vaccines or agents that can enhance an immune response against tumor cells. 

fia this aspect of the present invention, there is therefore provided a method for altering the 
immunogenicity of a target cell or membranous componmt fliereo:^ said method 
10 comprising engrafting a molecule onto the membrane of said target cell or component by> 

(i) preparing a suspension of chelator lipid or liposomes containing the chelator 

lipid; 

1 5 (it) incubating a suspension of cells or m^branous stmctures with a su^ension of 

&e chelator lipid or liposomes containing the chelator lipid, to allow the 
chelator lipid to incorporate into the membrane of the cells or membranous 
structure; 

20 (iii) if necessay, washing away excess or unincozporated lipid or liposomes; 

^v) incubating the cells or membranous structures with a solution of said molecule 

to be anchored; and 

25 (v) if necessary, washing away excess or unbound soluble molecule, and 

suspending the cells or stmctures in a solution suitable for administration in 
vivo. 

In a preferred embodiment, the invention allows for altering the immunogenicity of a 
30 target cell or membranous component thereoJ^ using the following method:- 
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(i) washing a suspension of the cells or membranous structures with PBS or other 

aqueoijs buffer solution to remove excess soluble and/or loosely bound 
proteins. This can be carried out by pelleting the structures by appropriate 
centriiugation (e.g. 5 min at 200-500 x g for murine and human cells), and then 
5 resuspending them in PBS; depoiding on the structures, excess soluble or 

loosely boimd proteins may be removed by filtering or otiier washing means; 



&) preparing a suspension of chelator lipid (e.g, NTA-DTDA, at a concentration 

of -0-1 mM) in PBS containing an approximately equal concentration of either 
10 Zn^"*" or Ni^^ by sonicating for 5-10 min an appropriate quantity of the lipid in 

the PBS solution. Other lipids or pho^holipids (e.g. POPC) or other agents 
O also can be included with the chelator lipid to promote the fusion and 

incoiporation of the liposomes into the membrane stmctures; 

15 (iii) incubating the cells or membranous stmctures with a suspension of the chelator 

lipid {e.g- 0.1 mM NTA-DTDA) in PBS fer a suitable period of time and 
temperature (e-g. 30 min, at 37**C) to allow some of the lipid in the suspension 
to fuse and/or become incorporated into the stmctures. Note: the incubation 
conditions employed can be altered to suit the nature of the chelator lipid used 
in 20 and the particular membrane structure into which the lipid is to be 

incorporated; also, incubations or wash steps in bufTer containing additives 
such as polyethylene glycol can be used to promote lipid fusion and 
incorporation; 



m 



25 (iv) if necessary, removing unincorporated lipid fix>m the mixture by washing the 

cells or membranous structures with PBS by pelleting and washing as in step 
(i) above; 

(v) incubating the washed cells or m^branous structures containing incorporated 

30 chelator lipid with a solution of a recombinant protein, or a solution of a 
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mixture of different recombinant proteins, each containing a hexa-histidine or 
any other appropriate metal affinity tag; and 

(vi) washing the cells or structures with PBS (as in step (i) above) to remove excess 

5 or unbound soluble recombinant protein. 

A similar procedure can be used to alter the immunog^city of any target cells, or 
subcellular membranous components thereof The stractures so treated will contain a 
modified sur&ce due to incorporation of flie chelator lipid and engrafiment of protein, and 
10 can be used in vaccinations to alter infununological responses in vivo. These modified 
structures when adijfiinistered in vivo also can be used to target a particular cell type or 
tissue within the body thereby inducing a response or altering the function of these cells or 
tissue. For example, the engrafting of tumor cells with molecules known to bind receptors 
on dendritic cells can be employed to direct the engrafted tumor cells to the dendritic cells 
15 to enhance tumor antigen presentation and hence immunological responses against the 
tumor. 

Jn this form, the present invention contemplates a method of altering the biological and 
immunological properties of biological membranes, such as tihe membrane of cells and that 
20 of subcellular m^branous components. In particular, the instant invention provides the 
basis of a convenient strategy for modif^dng flie sur&ces of cells (e.g. tumor cells), any 
cellular or subcellular membranous component, infectious agent or particle (e,g. bacteria), 
as well as any biological or synthetic membrane including synthetic vesicles or Uposomes, 
into which the chelator lipid can be incorporated, hi all these instances, the recombinant 
protein is engrafted by the £>nnation of a metal chelating linkage between a pqptide tag on 
the protein, and the NTA headgroup on the chelator lipid incorporated into the 
membranous structure. The biological membrane being modified by the anchoring of any 
recombinant protein, glypoprotein and any otho: molecular structure possessing an 
appropriate tag, and designed to enhance immunity to diseases when used either as a 
vaccine, or as an ag€»t to target delivery of these biological membranes to specific cells 
and tissues when administered in vivo. 
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Jn a more particular embodiment, the present invention also describes the targeting of cells, 
biological and/or synthetic membranes or liposomes to a specific cell type or tissue within 
the body to achieve a therapeutic ef&ct, said method comprising engrafting a molecule 
5 having a binding partner on the particular cell type or tissue to be targeted by:- 

preparing a suspension of chelator lipid or liposomes containing the chelator 
lipid; 

incubatcag a suspension of cells or membranous structures with a suspension of 
the chelator lipid, to allow incorporation of the lipid; 

if necessary, washing away excess or unincoiporated lipid; 

incubating the liposomes, cells, or membranous stmctores with a solution of 
molecules to be anchored; and 

if necessary, washing away excess or imboimd soluble molecule; then 
suspending the fiposomes, cells, or stractures in a solution suitable for 
administration in vivo. 

Accordingly, the present invention enables the incorporation of chelator lipids like NTA- 
DTDA into tumor cell membranes, followed by the engrafbnent of recombinant co- 
stimulatory and/or other molecules (or combinations of molecules) with an appropriate, tag, 

25 may be a convenient approach in the development of cell-based vaccines to enhance tumor 
immimity. Analogous to its demonstrated ability to alt«r tumor immunity therefore, the 
technique also can be expected to provide a convenient approach to ^grafl specific co- 
stimulatory and/or other cell surface molecules (or combinations of such molecules) onto 
other cell types including T cells, B-cells and dendritic cells, to see what role such 

30 molecules might play in regulating immune function. In addition to its potential use in 



a) 



10 (ii) 
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15 (iv) 
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cancer immunotherapy, therefore, the technique described herein will have application to 
areas that could significantly enhance our understanding of immune function. 

Yet another aspect of the preset invention provides method of modifying biological 
5 and/or synthetic membranes and liposomes to achieve a specific therapeutic effect, such as 
the induction or modulation of an immune response or other physiological or biological 
response, when administered in vivo, said method comprising:- 

preparing a suspension of chelator lipid or liposomes composed of a mixture of 
lipids and flie chelator lipid; or 

incoiporating the chelator lipid onto the cells or membranes, by incubating a 
suspension of the cells or membranes with a suspension of liposomes 
containing the chelator lipid, and if necessary, washing away excess or 
unineoiporated lipid or liposomes; 

incubating the liposomes^ cells or membranous structures with a solution of a 
recombinant prot^(s) or target molecule(s) possessing an ^propriate metal 
affinity tag; and 

washing away excess or unbound soluble protein, and suspending flie 
liposomes, cells, or membranous structures in a solution suitable for 
administration in vivo, 

25 As stated above, fee present invention provides methods for altering the immunogenicity 
of cells. Accordingly, the present invention provides a method of treatment, said method 
comprising administering to a subject an effective amount of a liposome prq>aration or 
membranous material comprising an active material and optionally an anchored or 
engrafted molecule having a binding partner or target tissue. 

30 
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More particularly, the present invention provides a method of treatment, said method 
comprising administering to a subject an effective amoimt of a liposome preparation or 
membranous material comprising an encapsulated or incotporated drug or active material, 
and an engrafted targeting molecule having a binding partner on the particular ceil type or 
5 tissue to be targeted in vrvo. 

Another aspect of the present invention provides a vaccine composition comprising cells or 
mooibranous mat^al having engrafted thereto* molecules capable of modifying an 
immunological response to a subject to which the vaccine is administered, said vaccine 
10 further comprising one or more pharmaceutical earners and/or diluents. Preferably, the 

p molecules engrafted to fee cells or membranous material are co-stimulatory molecules. 

Q Furthermore, the vaccine is preferably produced by the steps comprising:- 

y 

ffi (i) incubating the cells or membranous material with a chelator lipid such as NTA- 

15 I>TDA to allow the lipid to incozpoiate in the cells or membranes; 

jJS (ii) washing off any unincoiiK>rated lipid by centriftigation or filtration and 

n| resuspension of the structures in the ^propriate solution or buffer; 

m 20 (iii) incubating the membranous structures with incorporated chelator lipid with 

said molecules to be engrafted; and 



(iv) washing off imincorporated molecular material. 

25 In a related embo^ment^ the present invention provides a vaccine composition comprising 
cells, liposomes, vesicles or m^nbranous material having engrafted thereto molecules 
capable of modifying an immunological response to a subject to which the vaccine is 
administered, said vaccine furth^ comprising one or more pharmaceutical carriers and/or 
diluents. 

30 
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The present invention further provides a use of membrane system comprising an agent 
engrafted, encapsulated and/or anchored thereto in the manufacture of a medicament for 
modij^ng an immime response in an animal. 

Preferred animals in accordance with fhe present invention are humans, primates, livestock 
animals,, laboratory test animals and captured wild animals. 

Terms such as "anchoring** and **CTgrafling** may be used inteichangedly throughout the 
subject specification. The term "engrafting** also encompasses the term "grafting*'. The 
terms "membrane** and "lipid membrane** include reference to biological and synthetic 
membranes as well as lipid layers. A "chelator lipid*' may be any suitable chelating lipid 
such as but not limited to NTA-DTDA. 

Still another aspect of the present invention contemplates a method of targeting cells 
biological and/or s^^thetic membranes and liposomes to a particular cell type or tissue 
within the body, said method comprising engrafting onto the membrane structure a 
molecule having a binding partner on fee particular cell or tissue to be targeted by:- 



(i) preparing a suspension of chelator lipid or liposomes containing the chelator 
lipid; or 

(ii) incubatmg a suspension of the cells or membranous stractures with a 
suspension of the chelator lipid to allow the lipid to become incorporated; 

(iii) if necessary, washing away excess or unincorporated lipid; 

(iv) incubating the liposomes or membranous stractures with a solution of 
molecules to be anchored; and 

(v) if necessary, washing away excess or unbound soluble molecule, and 



suspending the liposomes or structures in a solution suitable for administration 
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The materials and methods below relate to some of the Examples which follow. 
Reagents 

5 Analytical grade reagents were used in all e?q}erimaits. Para^imaldehyde was obtained 
from BDH Chemicals. ZnS04 was used for all additions of Zn^"*^ to buffers and growth 
media, RPMI 1640 and EMEM (Eagles minimal essential medium) both were obtained 
fixim Gibco (Life Technologies^ Melbourne, Australia)* Fetal calf serum (PCS) was 
obtained from Trace Scientific (Noble Park, Vic. Australia). Sulfo-NHS-LC-Biotin was 
10 obtained from Pierce (Rockford, IL). Na^^Cr04, pH]-thymidine, and fluorescein 
isothiocyanate (FrrC)-conjugated strqptavidin (streptavidin-FITQ were obtained from 
Am^ham (UK), Dioleoyl-phosphatidylethanolamine (DOPE), a-palmitoyl-p-oleoyl- 
phosphatidylcholine (POPQ, dimyristoyl-phosphatidylcholine (DMPC), Isopaque, ficoU, 
propyl gallate, and the polyethyl^e glycol (PEG) preparations PEG400, PEGeoo, PEG900,. 
15 and PEGisoo, were all obtained from Sigma-Aldrich Pty Ltd (Castle Hill, NSW, Australia). 
MicroScint scintillation fluid and other items such as filters and seals for 96-welI plates for 
use with the Topcount NXT n:iicropIate scintillation cotmter were obtained from Canberra 
Packard (Canberra, ACT, Australia). 

20 Mice and Ceil lines 

Female or male DBA^ mice (H-2^), were used for isolation of lymphoid tissue (spleen) 
for T cell proliferation, measur©tn«xt of T cell cytotoxicity, and for vaccination and 
monitoring of tumor growtih in vivo. C57BL/6J mice (H-2b) were used in experiments 
assessing allogeneic stimulation of T cell proliferation. The mice were used at 6-8 weeks 
of age and were obtained from the Animal Breeding Establishment, John Curtin School of 
Medical Research (JCSMR), Australian National University (ANU), Canberra, The murine 
ceU lines, P815 [murme DBA/2 (H-2**^ mastocytoma] and EL4 [murine C57BL/6 (H-2^)] T 
cell lymphoma, were obtained, respectively, from Drs P. Waring (Division of Immunology 
and Cell Biology, JCSMR) and H. O'Neill (Di\ision of Biochemistry and Molecular 
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Biology), ANU. Both cell lines were cultured in complete medium consisting of EMEM 
containing 10% v/v FCS. 

Synthesis ofNTA-DTDA 

5 

The chelator-lipid nitrilotriacetic acid didtetradecylamine (NTA-DTDA), consisting of a 
nitrilotriacetic acid (NTA) head-group covalently linked to ditetradecylamine (DTD A) was 
syntibes22ed by Dr C, Easton (Research School of Chemistry, ANU) following a procedure 
similar to that previously described (22). Briefly, the DTDA was sj^fhesized from 
10 bromotetradecane and ammonia. DTDA was then iV-succinylated with succinic anhydride 
!l to produce AT-succinyl-DTDA (DTDA-suc), which was reacted with A^- 

□ hydroxysuccinimide (NHS) to produce iV'-COiiydroxysuccinimidyOsuccinylJ-DTDA 

^ (DTDA-suc-NHS), The succinimidyl group of DTDA-suc-NHES was rqplaced with a 

m iV**Ttert4>utyloxycatbottyl-lysine (N-Boc-lys) group, and the butyloxycaibonyl (Boc) group 

J] 15 was rCTaoved to produce JV*[(DTDA) sucdnylj-L-lysine (DTDA-suc-Lys). DTDA-suc- 

Lys was jSnally reacted with bromo-acetic acid to produce iV**,A^is[carboxymethyl]- 
O A?*[(DTDA)suc]-L-ly5iae, which will be referred to as NTA-DTDA. The purity of each 

product was measured by thm layer chromatogr^hy, and the identity of the final product 
111 was confihmed by nuclear magnetic resonance spectroscopy, Fourier transformed infrared 

20 spectroscopy and mass spectroscopy. The purity of the final product was estimated to be in 
excess of 99%. 

Freparation of NTA-DTDA liposome suspensions 

25 For NTA-DTDA incoxporation into cells, dessicated NTA-DTDA was suspended to a 
concentration of 0.5 mM in PBS containing 0.5 mM Zn^"**, by sonication using a TOSCO 
lOOW ultrasonic disintegrator at maximum amplitude for 2 min. The same procedure was 
used to produce suspensions of DMPC, and mixtures of NTA-DTDA and DMPC, POPC, 
or DOPE. Stock suspensions of lipids were stored at -20**C, and were always re-sonicated 
30 and diluted to the indicated concentration prior to use in experiments. 
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Monoclonal antibodies 

The monoclonal antibodies (mAb) and flieir sources were as follows: murine anti-CD40 
(clone 3/23, Rat IgGza) and murine anti-CD3 (clone 145-2CI1, Amienian Hamster IgG) 
5 mAbs were both obtained &om Pharmingeu; and murine anti-B7.1 (clone 16-lOAl, 
Amienian Hamster IgG) mAb was from The Walter and Eliza Hall Institute of Medical 
Research, Melbourne, Australia. Where indicated, mAbs were biotinylated by reacting 
with suIfo-LC-biotin (Pierce) as previously described (23). 

1 0 Recombinant protems 

Recombinant fomis of the extracellular regions of the murine T cell co-stimulatory 
molecules B7-1 (CD80) and CD40, and the extracellular region of the human 
erythropoietin receptor (BPOR), each wittt a hexahistidine (6His) tag and denoted B7J- 
15 6H, C3D40-6H, and EPOR-6H, respectively, were produced using the bacvdovims 
expression systemu Briefly, genes encoding the extracellular domains of murine B7. 1, 
CD40 and EPOR were amplified by polymerase chain reaction (PC31), and the sequences 
for 6His tags were incorporated into the ^d of each gene (corresponding to the carboxyl 
terminal of the protein) by PGR using primers containing the sequence of the tag. The 
constructs were then separately ligated into the pVL1393 plasmid baculovirus transfer 
vector and used to transibrm K colt Appropriate transfoimants were selected, and 
recombinant pVL1393 plasmids from these transformants were co-transfected with the 
baculovirus AcMNPV into SF9 insect cells. Cells infected with virus w^ch had the 
pVL1393 plasmid incorporated into the viral genome were selected by plaque assaj^, 
further amplified and these viral stocks ware used to infect High-5 insect cells grown in 
Express-5 medium. Recombinant proteins w^e purified from the supematants of 
recombinant virus infected HigJi-5 cells by Ni^'^'-NTA affinity chromatography (using Ni^"*"- 
NTA Sup^rflow, from QIAGEN Pty Ltd, Cifton Hill, Victoria, Australia) followed by size 
exclusion gel filtration on FPLC (Pharmacia Biotech, Upsalla, Sweden) using a Superdex- 
75 HR 10/30 column; the final purity of each protein was >95% as judged by SDS-PAGE 
analysis. For some experiments recombinant proteins were biotinylated by reacting with 
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sulfo-LC-biotin (Pierce) as previously described (23). The proteins were routinely stored at 
-20''C in PBS at a concentration of 0-2-0.6 mg/ml, and then thawed at ST'^C and vortexed 
gently prior to use in each experiment. 

5 Incorporating and optimizing the incorporation of NTA^DTDA 

Cultured P815 tumor cells were washed twice in PBS to remove proteins from the culture 
media and suspended to 1 x 10^ cells/ml in PBS, The cells were then aliquoted into 96-weil 
V-bottom Serocluster plates (Costar, Coming, NY) at 1.8 x 1^ cells/well and incubated 
10 with 125 |iM NTA-DTDA (alone or as a mixture with other lipids as indicated) or 125 fxM 
DMPC (control) in PBS containing 125 Ztt^% for 40 min at 37**C- Following the 
incubation, unincorporated lipid was removed by washing three times with PBS containing 
0.1% v/v BSA (PBS-0.1% v/v BSA)- The relative level of NTA-DTDA incorporated was 
routinely assessed by FACS analysis (see below) after incubating the cells with 
15 biotinj^ated 6His peptide (B-6His) (0.2 ng/ml) for 30 min at 4**C, washing twice with PBS- 
0.1% v/v BSA^ and tfien staining with streptavidin-FITC. The cells were incubated with 
streptavidin-FITC (33 /ag/ml) in PBS containing 1% v/v BSA (PBS-1% v/v-BSA) for 30 
min at 4'*C, washed three times with PBS-1% v/v BSA, fixed with 2% v/v 
paraformaldehyde in PBS, and then analyzed for FITC-fluorescence by FACS. 

20 

To promote fusion of NTA-DTDA liposomes and hence incorporation of the NTA-DTDA 
into the membrane of cells, a number of . agents previously reported to potentiate the fosion 
of cells and vesicles with lipid layers were tested. P815 cells aliquoted into 96- well V- 
bottom serocluster plates as described above were mcubated with 125 j^M NTA-DTDA, 

25 DMPC, POPC, or DOPE, or with 125 \iM NTA-DTDA plus DMPC, POPC or DOPE (at 
the indicated molar ratio), in PBS containing 125 fiM Zn^"*^, for 40 min at 37''C, For some 
experiments the cells were treated with PEG following the incubation: the cells were 
pelleted, suspended in 15% PEG400, mixed and diluted lOx with serimi-free EMEM, and 
then washed once with serum-containing EMEM and twice with PBS-0.1% v/v BSA, 

30 before engrafting the cells with biotinylated recombinant protein (see below) and then 
staining with streptavidin-FITC as above for FACS analysis, 
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Engrafting recombinant proieins onto cells 

Cells with incorporated NTA-DTDA were incubated with piirified B7,1-6H and CD40-6H 
5 (or biotinylated fonns of these as indicated), either alone (each at 50 j^g/ml) or in 
combination (100 pig/ml total protein, with a B7.1-6H:CD40~6H molar ratio of 4:1), in 96- 
well V-bottom Serocluster plates for 1 hr at 4°C. Unboxmd protein was then removed by 
washing twice with PBS-O.I% v/v BSA, before using the cells bearing the engrafted 
protein(s) either for immunizations or in assays of T cell proliferation. For experiments to 
10 determine the levdl of bound protein by FACS analysis the cells w^e stained with 
streptavidin-FITC (for cells bearing engrafted biotinylated protein), or were first incubated 
with the appropriate biotinylated mAb (B-mAb) (4''C for 30 min), washed twice with PBS- 
0.1% w/v BSA and then stained with streptavidin-FITC. 

IS Time courses 

Cells with incoxporated NTA-DTDA and DMPC, with or without engrafted CD40-6H, 
were suspended in EMEM containing 10% v/v FCS and 50 jiM added Zn^^, and incubated 
in I2-well flat-bottom tissue culture plates (linbro, ICN Biomedicals Inc, Amrora, OH) for 
20 approx. 2 min (time 0), or 4 or 24 hrs at Zl^C After the indicated incubation time, cells 
were collected from the 12-weIl flat-bottom plates, transferred to 96-well V-bottom 
Serocluster plates and washed twice in PBS-0.I% v/v BSA, bejfbre either staining with 
streptavidin-FTTC (for cells with NTA-DTDA and engrafted B-CD40-6H), or first 
incubating with B-CD40-6H and then washing with PBS-OJ% v/v BSA and staining with 
25 streptavidin-FITC (for cells with only NTA-DTDA). 

Flow cytometry 

Fluorescence-activated cell sorter (FACS) analysis was used to quantify the relative levels 
30 of NTA-DTDA incorporated into the membrane of cells following binding of B-6His, and 
the levels of biotinylated recombinant proteins anchored to the cell surface via the 
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incoipoxated NTA-DTDA. Flow cytometric analyses were performed using a FACSort 
flow C3^ometer (Becton Dickinson, San Josci, CA) equipped with a 15 mW argon-ion laser. 
Cells were analysed on the basis of forward light scatter (FSC), side light scatter (SSC) and 
FITC-fluorescence; with flie relative shift in fluorescence intcaisity above background 
5 providing a semi-quantitative measure of the level of NTA-DTDA incorporation and the 
level of peptide or recombinant protein on the surface of cells. T3^ically, fluorescence 
information for 10, 000 cells was collected for each condition using a log amplifler and the 
data processed using CELLQuest (Becton Dickinson) software. Data ware analyzed by 
gating live cells, as judged by FSC versus SSC dot plots, and plotting the fluorescence 
10 profile as a histogram. The fold increase in fluorescence intensity above backgroimd was 
determined by measuring the shift in fluorescence intensity, using the control sample as 
background, from peak to peak. The results of independent experiments were then 
represented as the mean ± the standard error of the mean (SEM). 

1 5 C^nfacdl microscopy 

The distribution of the NTA-DTDA on the surface of P815 cells was studied by laser 
scanning confbca! micn>sc<^y using cells bearing incorporated NTA-DTDA engrafted 
with biotinylated CD40-6H, and stained with strq)tavidin-FITC. Briefly, the cells were 

20 suspended in embedding medium (2% propyl gallate in 87% v/v glycerol) and deposited 
into 0,05 mm deep chambers on microscope ^dios formed using prorated Scotch 465 
adhesive transf^ tape, and the chambers were then sealed with glass cover slips. The cells 
were examined for fluorescence at 520 nm with a MRC-500 Laser Scanning Confocal 
Imaging System (BioRad), consisting of a Nikon confocal fluorescence microscope (x 60 

25 Nikon objective), with a BioRad UV-laser scanner and an Ion Laser Technology laser head 
(model 5425, BioRad) with an argon ion laser. The image was acquired by Kalman 
averaging of 10 successive laser scans, and stored ^d analyzed using Image Processor PC 
(BioRad) and processed using NIH image 1.61 software. 
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r ce// proliferation assays 

Murine T cells for use in T cell proliferation assays were isolated and purified firom the 
spleens of either allogeneic or syngeneic mice as described (24). Briefly, the spleens were 
dissociated into single cell sii^ensions, and dead cells and red blood cells were removed 
by density gradient centrifugation using an Isopaque-Ficoll gradient. After centrifiigation 
(20 min at 400 x g) tiie viable cells, mainly lymphocytes, were collected from the layer at 
the top of the gradimt and suspended in KPMI 1640 containing 10% v/v FCS, 5 x 10"^ M 
2-p-merc^toethamol, 100 LuVml penicillin, 100 jig/ml neomycin, IL-2, and 10 mM 
HEPES* T cells were purified using an equilibrated nylon wool column (25). The ptirified 
T cells were then suspended in growtfi medium at a concentration of 2 x lO"^ cells/50 
fiVwell in a 96-well flat bottom plate (Cell Wells, Coming, NY) for culture at 3T'C in an 
atmosphere of 5% CO2- 

T cell proliferation assays were carried out as described (25). Syngeneic lymphocytes or 
responder ceUs were then co-cultured with y-^hradiated (5000 rad) stimulator cells at a 
concentration of 2 x 10"^ celWSO iiii/welL Stimulator cells included native P815 tumor cells, 
P815 cells with incorporated NTA-DTDA on their surface, and P815 cells with engrafted 
recombinant protein(s), as indicated. After 4 days co-culture at 37**C, the ceDs were pulsed 
with 1 |xCi of [^-thymidine per well for 6 hrs. The.cells were then harvested using a 
Filtermate 196 cell harvester (Packard) and [^H]-thymidine incorporation assessed using 
KlicroScint scintillant and a Topcount l^JXT microplate scintillation counter (Packard) 
using Topcount software. 

Cytotoxiciiy assays 

Assays for in vivo tumor-specific CTL were performed by a procedure similar to that 
described by Chen et al (26). Syngeneic DBA/2 mice were immunized subcutaneously 
with either PBS (control) or 1 x 10^ y-irradiated (5000 rad) P815 cells engrafted with 
recombinant protein(s). Spleens were removed fi-om mice 14 days after immunization, and 
T lymphocytes (effector T cells) were isolated by density gradient centrifugation using 
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Isopaque-FicoU and nylon wool fractionation, as described above. Effector T cells were 
then suspended in incubation medium and aliquoted into 24-well flat-bottom plates at a 
concentration of 1 x 10^ cells/well and co-cultured with 1x10^ y-iiradiated (5000 rad) 
native P815 cells. After 5 days of co-culture, the cytolytic activity of the effector cells was 
5 assessed in a stmidard ^*Cr-release assay, as described (26). Briefly, 2x10^ native P815 
cells were labelled with 250 ^Ci ^^Cr (Na^^Cr04) for 90 min. Labelled target cells were 
washed three times and resuspended in culture medium. Efifector and target cells were co- 
incubated with effector cells at diflferent effector to target ratios, as indicated, for 6 hrs at 
37*C. Supematants were harvested and ^'Cr release assessed with a Topcoxmt NXT 
10 microplate scintillation counter (Packard) using Topcount software (Packard). Percent 



specific lysis was calculated as follows; 



. _ J 00 X (experimental cpm - spontaneous cpm) 
maximal cpm - spontaneous cpm) 



Ma? 

ru 

m 15 



Immunization of animals and tunwr challenge in vivo 

y Mice were immunized using a protocol similar to that described (26). Briefly, eidier PBS 

(control) or 1 x 10^ y-iiradiated PS 15 cells with the engrafted recombinant protein(s) as 
indicated, were suspended iii a 0.2 ml volimie of PBS and injected into the shaved rigjit 
back of syngeneic DBA/2 mice using a 25-gauge needle and 1 ml syringe. After 14 days 
20 the mice were either used in cytotoxicity assays using T cells isolated fix>m the spleens of 
the mice, or were challenged with 1x10^ native P815 cells by subcutaneous injection in 
the shaved left back. For monitoring tiunor growth, the mice were scored for tumor size 
once a week by measuring two perpendicular diameters in millimeters using a caliper (26). 
Survival data represent animals that were alive when scored; animals that were near 
25 death were euthanized after scoring and were deemed to have died of the tumor. Data for a 
total of 10 or 12 mice in the group for each experimental condition is presented. 
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EXAMPLEl 

Using the instant invention to modify the surface of cells and other biological and/or 
synthetic membranes and liposomes by engrafhnent of hexahistidine-tagged molecules 
5 (see Figure 1), for the development of vaccines and for drug targeting in vivo. 

The histograms in Figure 2 show fluorescence-activated cell sorting (FACS) profiles of 
murine mastocytoma P815 cells carrying raigrafted recombinant hexa-histidine-tagged 
murine B7.1 and CD40. P815 cells were pre-incubated for 30 min at 3T'C with a 
10 suspension (0.1 mM) of control lipid di-myristoyl-phosphatidylcholine (DMPC; also 
ll referred to as di-C14-PC; control), or the chelator Epid NTA-DTDA, before being washed 

O in PBS and incubated with a mixture of hexar-histidine-tagged B7-1 and CD40 (each at -20 

:^ fig/ml). The cells were then washed again in PBS and stained by an incubation pO min at 

0 4**C) with either biotinylated 16-lOAl or biotinylated B-3/23 monoclonal antibody (i.e. 

'^i 15 biotinylated anti-B7.1 or anti-CD40), as indicated, followed by an incubation with FITC- 

s conjugated streptavidin. Cells incubated with DMPC and recombinant proteins show a low 

y level of fluorescence after staining witii either monoclonal antibody (Control). The 

fluorescence of P815 cells pre-incubated with NTA-DTDA is 10-100-fold hi^er than that 
of cells pre-incubated wife DMPC (Control). Each result is a representative of two 
20 experiments performed in diq>licate. The results show that chelator lipids (in fliis instance 
NTA-DTDA) can be incorporated into tfie membrane of these cells, and that the 
incorporated lipid can be used to anchor or engraft hexa-histidine tagg^ B7.1 and CD40 
directly onto the P8i5 cell surface via the NTA-DTDA. In other studies we showed that 
recombinant murine B7*l and CD40 bearing a hexa-histidine tag can be engrafted onto flie 
25 surface of all flie dififerent cell lines tested; these included murine PS 15 and EL4 tumor 
cells* human leukemic Juikat cells and yeast ceils. 

EXAMPLE 2 

30 The Example relates to modifying the surface of tumor cells to enhance txrnior immunity. 



ly 
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Recent work indicates that the transmembrane and cytoplasmic regions of B7-1 and B7-2 
are not required for T cell co-stimulation (20), and that T cell co-stimulation also occurs 
when the B7-1 is expressed on tumor cell surfaces in a GPI-anchored fomi (21)- Also, the 
extracellular regions of any cell surface receptor molecules (e.g. the murine T cell co- 
5 stimulator molecules B7.1 and CD40) can be produced to contain a hexa-histidine or other 
appropriate peptide tag on the carboxyl tenninaL In this form the present invention 
provides a method of anchoring these co-stimulator molecules directly onto the cell surface 
in the correct orientation, thereby mimicking flie co-stimulatoiy function of these 
molecules on the surface of antigen presenting cells. The instant invention, therefore, has 
10 implications for tumor vaccine development, by providing a more convenient and safe 
N« alternative to transfection for putting co-stimulator andA>r other relevant molecules onto 

n 

tumor cells for use in immunizations to enhance unmumty to tmnors. 

5 _ s 

The virility of using engrafted molecules cm be tested by assaying for functional 
responses dependent on the engrafted molecules. Thus, the ability of murine P815 
mastocytoma (DBA/2, H-2d) cells carrying engrafted hexa-histidine tagged B7-1 and/or 
CD40 to stimulate a T cell prohferative response in an allogenic system was examined 
using splenocytes isolated Grom C57B1/6 0H-2b) mice co-cultured with an appropriate 
nimiber of 7-irradiated P8I5 cells (as control), or P815 cells engrafted wifli hexa-histidine- 
tagged B7-1 and/or CD40. Preliminary experiments in which the incoxporation of 3H- 
thymidine was used to measure T cell proliferation, show fh^ the P815 cells beariug 
engrafted hexa-histidine tagged B7-1 and/or 0040 are able to stimulate an increased level 
of T cell proliferation in this mixed cell reaction. These results are consistent with the 
invmtion being useful to modify cells for use in vaccinations to enhance anti-tumor 
responses. 

EXAMPLES 

To test the ability of P815 cells bearing engrafted co-stimulatory molecules to induce anti- 
30 tumor responses in vzVo, mice were immunized with P815 cells bearing the engrafted 
molecules to see if this could stimulate CTL activity and/or affect tumor growth in 
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syngeneic animals. Separate groups of DBA/2 mice were immunized with either PBS, or 
with y-irradiated P815 cells bearing engrafted EPOR-6H, B7.1-6H, or B7. 1-6H plus CD40- 
6H. Two weeks after immunization, spleens were removed from the mice, and splenic T 
cells were isolated and assessed for their ability to kill native P815 cells in a standard ^^Cr 
5 release assay. The data in Figure 3 show fliat at all the effector target cell ratios indicated 
(0.5:1, 1:1, 5:1), only a low level (2-5%) of lysis was induced by T cells from mice 
immtmized with PBS (as control). The lytic activity of T cells from mice immunized with 
P815-EPOR (as control protein) was also low ranging from 7-16%. Interestingly, at all 
effectoritarget cell ratios tested, the level of tumor cell-specific lysis was higher for 
M? 10 conditions where the effector T cells were derived from mice inmiunized with P815 cells 

bearing one or more engraftied co-stiraulatory niolecule(s) (see Figure 3). The highest 
y cytolj^c activity was obs^ved at the effectontarget cell ratio of 5:1, for ivhich the specific 

lysis induced by T cells obtained from mice immunized with P815 cells bearing engrafted 
m B7A, and P815 cells with engrafted B7-1 and CD40, was 3- and 5-fbld higher, 

^ 15 respectively, than that for T cells obtained from mice immunized with P8 1 5 cells engrafted 

f =1 with control protein (see Figure 3). Parallel experiments using native EL4 cells instead of 

fIJ P815 cells showed only background levels of lysis, indicating that the cytolytic response 

^ was specific for P8 15 cells as targets. The results indicate feat CTL responses against P81 5 

O cells can be generated in mice immunized wife P815 cells bearing engrafted B7/CD40. 

20 

To determine whefeer fee immunization of mice wife P815 cells bearing engrafted co- 
stimulatory molecules could induce tumor immunity, groups of mice immunized with y- 
irradiated cells bearing fee engrafted proteins, also were monitored for tumor growfe and 
survival after a challenge wife native PS 15 cells. These studies indicated a slower rate of 

25 tumor growfe in mice immunized wife P815 cells bearing engrafted co-stimulatoiy 
moIecule(s), compared to mice immunized wife cells bearing control protein. Thus, at 5 
weeks after timior challenge fee mean tumor diameter was 3.36 db 1.0 mm and 1.1 rfc 0.9 
mm, for mice immunized with P815 cells bearing engrafted B7.1-6H and B7.1-6H plus 
CD40-6H, respectively; and 10.7 ±2,5 mm and 8.3 ± 2.7 nun for mice immunized with 

30 PBS and PS 15 cells engrafted wife EPOR-6H, respectively. Tumor growth data as 
reflected by fee mean tumor diameter for only fee first 5 weeks after challenge is presented 
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since from this time some animals died from the tumor- At 14 weeks after tumor challenge 
survival was --17% for control mice, --30% for mice immunized with P815 cells engrafted 
with B7.1, and —60% for mice immunized with P815 cells engrafted with both B7.1 and 
CD40 (see Figures 4(a) and (b)). Consistent with the observed increase in CTL activity, the 
results indicate that the immimization of syngeneic animals with P815 cells bearing 
engrafted co-'Stimulatory molecules can inhibit tumor growth and prolong survival of the 
animals after a challenge with the native P815 tumor. 

EXAMPLE 4 



Vascular endothelial growth factor (VEGF) is a homodimeric glyocoprotein hormone of 
—40 kDa that is among the most potent of angiogenic mitogens, and a major regulator of 
angiogenesis (27). Considerable evidence suggests that VEGF is secreted by tumor cells 
and other cells exposed to hypoxia^ and that VEGF is a major angiogenic factor in solid 
15 tumor development (28). In addition to its potent angiogenic activity, VEGF increases 
vascular permeability and favours the migration of endothelial cells through the 
extravascular matrix, processes that are essential for tumor angiogenesis, tumor spread, 
and metastasis (29). Human VEGF is known to stimulate endothelial cell growth and 
diiforentiation by binding to high affinity VBGF receptors such as the kinase domain 
20 receptor (human KDR, or murine fik-1), and the Fms-like tyrosine kinase-1 (Flt-1), These 
receptors are expressed exchisively on i>roIi:ferattng vascular endothelial cells, and their 
expression is known to be increased by a number of factors often produced by tumors (27- 
30), That VEGF and its leceptors are important for tonor growth has been demonstrated 
by the fact that 4he neutralization of VEGF by the use of antibodies (31) or rwombinant 
25 soluble receptoT domains (32) exhibit therapeutic potCTitial as agents that can suppress 
tumor growth and metastasis in vivo. 



The substantially exclusive expression of VEGF reciters on proliferating endothelial 
cells, suggests the VEGF receptor can be used as a targeting molecule in therapeutic 
30 strategies that target neovascularization. The development of sterically stabilized or 
"stealth" liposomes (SLs) which can evade ehmination by the phagocytic cells of the 
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inunune system (e.g- the reticulo-eudothelial system in the liver and spleen), recently has 
provided a major advance for liposomal drug delivery in cancer chemotherapy (33-35), In 
contrast to conventional liposomes which are cleared rapidly from the blood (often within 
minutes) after their administration in vivo, SLs remain in the blood circulation for several 
5 days. A number of studies have demonstrated therapeutic benefit of SLs containing an 
encapsulated cytotoxic drag like doxorubicin, in the treatment of AIDS-related Kaposi 
sarcomas and other lesions characterized by leaky vasculature (35). Recent studies also 
describe the targeting of SLs to specific tumors^ with the targeting being achieved 
primarily by the use of "inmiuno-liposomes**, or liposomes with specific antibody (or 
10 F(ab')2 fi^gments) covalently attached to the liposome surface (36). The immobilization of 
targeting proteins such as antibodies onto SLs encapsulated wMi doxorubicin apparently 
does not alter their stealth-like characteristics, but can endow the liposomes with specific 
targeting properties (37-40)- 

Until the advent of the present invention, the coupling of target molecules to liposomes has 
been difficult and there is potential to induce unwanted anti-idiotypic responses to the 
antibody used- In accordance with an aspect of the present invention, two chelator lipids, 
nitrilotriacetic' acid di-tetra-decylamine (NTA-DTDA) and nitrilotiiacetic acid 
polyethyleneglycol (2000) phosphatidylethanolamine (NTA-PEG2000-PE), are used with 
a recombinant form of VEGF, to develop SLs containing enc^sulated doxorubicin that 
will target and specifically destroy prolif<M:ating vascular endofiielial cells in viva, thereby 
blocking neovascularization and tumor growth. 

VEGF is a particularly attractive targeting , molecule as ATBGF receptors are expressed 
25 substantially exclusively on angiogeoic endothelium. In accordance with the present 
invention, it is proposed to produce a "stealth'* Kposome containing encapsulated 
doxorubicin and surface VEGF anchored through NTA-lipids like NTA-DTDA- It is 
proposed in accordance with the present invention that when administered in vivo, this 
agent will target and destroy proliferating endothelial cells, and will inhibit tumorigenesis 
30 and tumor metastasis. 
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Liposomes composed largely of conventional lipids like egg-yolk phosphatidylcholine 
(PC) and cholesterol (Choi), and a small proportion (-10%) of a sterically "stabilizing" 
lipid such as ganglioside GMl (32), or a phosphatidyl-ethanolamine conjugated to 
polyethyleneglycol (2000) (PEG2000-PE) (33, 34), are reported to exhibit increased 
5 stability and prolonged circulation times in blood, largely escaping elimination by the 
reticulo-endothelial system* These properties of SLs have been attributed to the presence of 
lipids possessing uncharged headgroups which increase interaction with water, but inhibit 
interaction with either charged or hydrophobic stractures likely to be encoimtered on 
proteins and cells in plasma (32, 33), Evidence suggests that SLs (or immunoliposomes) 
10 • with antibody molecules attached to the distal end of the PEG chains on the SL surface, 
% interact more effectively with their target than liposomes with the antibody attached 

directly onto the SL surface. This has been explained by the PEG chains sterically 
interfering with the ability of the antibody to interact with antigen imder these conditions 
(37). SLs made using g^glioside GMl, or a PEG-Kpid with a shorter PEG chain length 
15 (eg. PEG750-PE,^,rath€a: than PEG2006-PE), therefore, are. likely to be more suited for the 
binding of 6His-VEGF directly to the JiTA-liTDA on the liposome surface, and for 
optimal binding of the engrafted VEGF to VEGF receptors on target cells. Ganglioside 
GMl and PEG750-PE are both commercially available (fix>m Avanti Polar Lipids), and 
ffl each will be tested with liposomes made fiom PC, Choi and NTA-DTDA- To further 

20 reduce possible steric eflFects the inventors produce a novel lipid, namely NTA-PEG2000- 
PE, which consists of one or more NTA groups attached to the distal end of the PEG chain 
on the PE. This compound, is used in combination with PEG2000-PE to produce SLs 
which allow convenient aigraftment of targeting 6His-proteins (such as 6His-VEGF), 
while eliminating the possibility of steric hindrance. This is approach greatly facilitates the 
25 use of SLs in therapeutic applications requiring their targeting to specific cells and/or 
tissues. 



if"""!! 
£.2 



Recombinant 6His-VEGF is produced. SLs are produced from a mixture of lipids 
including PC, Choi, NTA-DTDA, and ''stealth" lipids such as ganglioside GMl, 
30 PEG2000-PE and NTA-PEG2000-PE. The SLs are engrafted with 6His-VEGF (VEGF- 
SLs) and then assessed for their ability to target endothelial cells. Conditions for specific 
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binding of the liposomes to proliferating endothelial cells in culture are optimized, relative 
to their binding to cells that lack the YEGF receptor. The specific cytoxicity of VEGF-SLs 
encapsulated with doxombicin will be assessed using hiunan vascular endothelial cells in 
vitro. VEGF-SLs intrinsically labelled with fluorescent dyes and/or radioactive tracers are 
5 administered intravenously into mice to determine their distribution in various tissues with 
time. The proportion of each stabilizing lipid used for producing SLs is altered to optimize 
the "stealth" properties of the liposomes, as judged by a reduction in the proportion of the 
liposomes taken up by the liver, ^leen and other major oxgans» relative to vascularizing 
tumors. As the VEGF receptor is endocytosed upon binding its Hgand, VEGF-SLs made to 
10 contain encapsulated doxorubicin, are taken up by proliferating vascular endothelial cells, 
resulting in their destruction. The viability of fliis method is tested by examining the ability 
Jp of the liposomes to inhibit tumor growth and/or to eradicate established tumors in vivo, 

I = s 

p This work provides therefore a novel approach to anti-angiogenic cancer therapy. 

W 15 ^ EXAMPLES 

Q The method used to modify fiie surface of cells by engraftment of recombinant receptors 

ry 

can be used to produce cell-based vaccines that can modify immunological responses when 
CP used in vivo. 

U 20 

Hiis is demonstrated by the fact that P815 cells engrafted wifli the co-stimulator molecules 
B7.1 and CD40 can be used as a vaccine to enhance tumor immunity. Analogously, these 
or any oflier reccMnbinant protein or molecules (possessing the appropriate tag) may be 
caagrafted onto any o&er biological membranous stracture(s) (e.g. a membranous stracture 
25 derived from' cells and/or sub-cellular components, such as plasma membranes vesicles 
etc.). The engrafted structures can then be used as a vaccine to enhance tumor immunity 
and/or modify immunological responses in vivo for therapeutic purposes. The preferred 
method coraprises:- 

30 (i) incubating the cells or membranous material with a chelator lipid such as NTA- 

DTDA to allow the lipid to incorporate with the cells or membranes; 
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(ii) washing off any unincoiporated lipid by centrifugation or filtration and 

resuspension of the structures in the appropriate solution or bufifar; 

5 (iii) incubating the membranous structures containing incorporated chelator lipid 

with an appropriate recombinant protein(s) possessing an appropriate affinity 
tag; and 

(iv) washing off unincorporated protein material; and then using the modified 

10 structure as a vaccine administrable in vivo for therapeutic purposes such as to 

modiJfy immunological responses in vivo. 

The subject approach can also be used with synthetic membrane structures (i.e. synthetic 
liposomes or vesicles composed of a mixture of any phospholipid (e.g. PC or PE) and the 

15 NTA-'DTDA. The synthetic structures can be made to incorporate the NTA-DTDA, 

lip 

therefore, only steps (iii) to (v) above are required. 



EXAMPLES 

20 Preliminary experiments indicate that synthetic liposomes (composed of say PC and NTA- 
DTDA in 10:1 ratio) engrafted with an appropriate recombinant receptor protein can be 
used to specifically target cells bearing the cognate receptor or ligand (see Figure 5). Such 
liposomes also can be used to modify biological response (see Figure 6). The present 
invention provides, therefore, a method of modifying the surface of liposomes for use in 

25 therapeutic appHcations to deliver an encapsulated drag or other therapeutic agent to cells 
or tissues within the body. Such liposomes are used to modify a biological response(s) for 
the treatment of disease, or for targeting the delivery of cytotoxic drugs or agents to 
specific cells (e.g. tumor cells) in order to destroy such cells for therapeutic purposes. 

30 Those skilled in the art will appreciate that the invention described herein is susceptible to 
variations and modifications other than those specifically described. It is to be understood 
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that the invention includes all such variations and modifications. The invention also 
includes all of the steps, features, compositions and compoimds referred to or indicated in 
this specification, individually or collectively, and any and all combinations of any two or 
more of said steps or features. 



1 
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CLAIMS 

1. A method of modifying biological and/or synthetic membranes or liposomes, 

or combinations thereof, for the pmpose of altering immunity, or for the targeting of dmgs 
and other agents to a specific cell type or tissue when administered in vivo to achieve a 
specific therapeutic effect, said method comprising incoiporating amphiphilic molecules 
into the said membrane or liposomes, wherein a proportion of the amphiphilic molecules 
have been modified by a covalent attachment of a metal chelating group such that at least 
some of the metal chelating groups are oriented toward the outside surface of said 
membrane or liposomes, which method also comprises the step of interacting a receptor 
domain which is covalently attached to a polypeptide tag with said membrane or liposomes 
for a time and under conditions sufficient for said polypeptide tag to attach to said 
membrane or liposomes via the outwardly facing metal chelating residues of said 
mraibrane or liposomes, such that the receptor domains are enable of interacting 
specifically with a ligand molecule feat exists on a particular cell type or tissue within the 
body. 

2. A method according to Claim 1 wherein the specific interaction between the 
receptor domains and associated said membrane provides a me^s of altering immunity 
when used as vaccines, or of targeting manbrane-encapsulated/incorporated drugs and 
other agents to specific cells or tissues when administered in vivo for ther^utic purposes 
or for modifying a physiological response or biological fimction. 

3. A method according to Claim 1 or 2 wherein some of the molecules of a 
biological and/or synfiietic membrane or liposomes are modified by a covalent attachment 
of a metal chelating group, with metal chelating groups orientated toward flie outside 
surface of said membranous structure, 

4* A method according to Claim 3 comprising the steps of: 
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(i) incoiporating (he chelator lipid, either alone or as a mixture of the 
chelator lipid and other amphiphilic molecules or phospholipids, 
into the membranous structure by mixing and/or co-incubation, or 
by production of the membranous structure from a composite 
mixture of lipids comprising a chelator lipid and one or more other 
lipids or phospholipids; and 

(ii) interacting a targeting molecule with said membranous structure 
for a sufficient time and under suitable conditions to attach to said 
membranous structure via the outwardly feeing metal chelating 
residues of said membranous structure, such that the receptor 
domains or targetafale molecules are capable of interacting with a 
specific type of cell and/or tissue when administered in vivo for 
therapeutic puzposes, or for modifying a biological response. 

5. A method according to Claim 4 wherein the targeting molecule is a receptor 
domain and/or other targetable molecule mgineered to possess a metal binding polypeptide 

6, A method according to Claim 5 wherein the receptor domain or targetable 
molecule is interacted with a membranous structure for a time and under conditions 
sufficient for the polypeptide tag to hind to the chelator lipid incorporated into the 
membxanous structure. 

7. A method accordmg to Qaim 1 or 2 or 3 or 4 or 5 or 6 wherein the 
membianous stracture is a suspension of micelles or liposomes formed from the 
amphiphilic molecules by sonication, or extrasion/jSltration techniques. 

8, A method according to Claim 3 wherem the metal chelating group is 
nitrilotriacetic (NT A). 
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9. A method according to Claim 1 or 2 wherein a proportion of the amphiphilic 
molecules in the biological and/or synthetic membrane or liposomes have been modified 
by a covalent attachment of a metal chelating group, 

10. A method according to Claims 1 or 9 wherein the amphiphilic molecules in the 
biological and/or syntihietic membrane or liposomes are surfactant molecules having a 
hydrophilic head portion and one or more hydrophobic tails. 

IL A method according to any one of the preceding claims wherein the 

polypeptide tag comprises a sequence of amino acid residues that can bind to the metal 
pl^ chelating groups attached to the said biological and/or synthetic mraibrane or liposomes. 

5 

J|^f 12. A method according to Claim 11 wherein the amino acid residues are histidine 

IB residues. 



13. A method to Claim 1 1 or 12 wherein the polypeptide tag comprises at least five 
amino acid residues. 

14. A meflxod according to Claim 13 wherein the polypeptide tag comprises at least 
six amino acid residues. 

15. A method according to Claim 14 wherein the polypeptide tag comprises hexa- 
histidine, 

16. A method of modifying biological and/or synthetic membranes by 
incorporation or attachment of metal chelating groups for: (i) vaccine development; {ii) for 
modification of biological response(s); and/or (iii) for the targeting of drugs or agents to 
specific tissue or cell types within the body to achieve a therapeutic effect, said method 
comprising: - 
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(i) preparing a susp^ision of liposomes with chelator lipid 

incorporated and with or without an encapsulated drug or agent; 

(if) incubating the liposomes with a recombinant protein or target 

molecule bearing an appropriate metal affinity tag; and 

(iii) if necessary, removing excess protein or molecule by washing, 

filtering or other washing means and suspending them in a solution 
appropriate for administration in vivo. 

17. A method according to Claim 16 wherein the molecules engrafted, anchored, 
incorporated, or encapsulated within the liposome are therapeutic molecules, 
pharmaceutical compoimds, DNA and/or RNA. 

18. A method according to Claim 17 wherein the targeting molecules engrafted or 
anchored onto the liposome surface is VEGF or its homologue. 

19. A method according to Clahn 18 wherein Ifae liposomes ^e made to 
encapsulate/incorporate a cytotoxic drag or agent together with the engrafted VEGF or its 
homologue, to block the growth of new blood vessels required for the growth of tumours. 

20. A method according to Claim 19 wherein the liposome comprises an 
immunogenic agent and together with an agent which targets the liposome to different cell 
types in the body including immune cells and tumor cells to alter immunogenicity or 
immunological responses. 

2L A method of anchoring a recombinant molecule directly onto cells or 

biological membranes, said method comprising:- 

(i) preparing a suspension of chelator lipid or liposomes containing the 

chelator lipid; 
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incubating a suspension of cells or biological membranous 
structures with a suspeiisxon of the chelator lipid to allow the 
chelator lipid to incorporate into the structures; 

washing away excess or unincorporated lipid; 

incubating the cells or membranous structures with a solution of 
recombinant protein or target molecule possessing an appropriate 
metal affinity tag; and 

washing away excess or iinboimd soluble protein, and suspending 
the cells or stmctures in a solution suitable for administration in 
vivo. 

22. A method according to Claim 21 wherein the recombinant molecule is a co- 
stimulatory molecule. 

23. A method according to Claim 21 or 22 wherein the biological membrane is 
from a tumor celL 

24. A method according to Claim 21 or 22 or 23 for use in enhancing or modifying 
immunity to tumors, for modifying any biological response, or for the treatment of any 
disease condition. 

25. A method according to Claim 21 wherein the recombinant molecule is a 
receptor or ligand. 

26. A method according to Claim 25 wherein the recombinant molecule is a ligand 
for a receptor on specific cell types within the body or on cells such as tumor cells that 
arise as a consequence of disease. 



(ii) 

(iii) 
(iv) 

Cv) 
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27. A metfiod for altering the immunogenicity of a target cell or membranous 

componaat fliereof, said method con^rising anchoring a molecule to the membrane of said 
target cell by:- 

0 

(i) preparing a siispeosion of chelator lipid or liposomes containing the 
chelator lipid; 

(ii) incubating a suspension of cells or membranous structures with a 
suspension of the chelator lipid; 



(iii) 



washing away excess or unincorporated lipid; 



(iv) incubating the membranoiis structures with a solution of said 
molecule to be anchored; and 

(v) washing away excess or xmbound soluble molecule, and suspending 
» the structures in a solution suitable for administration in vivo. 

28. A method according to Claim 27 wherein the target cell is a tumor cell. 

29. A method according to Claim 27 or 28 wh^ein the molecule is a ligand, 
receptor, recombinant protein, polysaccharide, glycoprotein or antigen. 

30. A method of targeting cells or biological and/or synthetic membranes or 
liposomes to a particular cell type or tissue within the body, said method comprising 
anchoring or engrafting a molecule having a binding partner on the particular cell type or 
tissue to be targeted by:- 



(i) preparing a suspension of chelator lipid or liposomes containing the 

chelator lipid; 
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(ii) incubating a suspension of cells or the biological or synthetic 
membranous structures with a suspension of the chelator lipid; 

(iii) if necessary, washing away excess or unincoxporated lipid; 

(iv) incubating flie Iqjosomes or membranous structures with a solution 
of molecules to be anchored; and 



(V) 



washing away excess or imboimd soluble molecule, and suspending 
the stractures in a solution suitable for administration in vivo. 



31. A method of treatment, said method comprising administering to a subject an 
effective amount of a liposome preparation or membranous material comprising an active 
material and optionally an anchored or engrafted molecule having a binding partner or 
target tissue. 

32. A method according to Claim 31 wherein the active material is a recombinant 
polypeptide, co-stimulatory molecule, therapeutic drag or nucleic acid molecule, either 
engrafted onto the surfece or enc^sulated/incorporated within the liposome or 
membranous material. 

33. A method according to Claim 31 or 32 wherein the anchored or engrafted 
molecule is a receptor, ligand, glycoprotein, polysaccharide or recombinant polypeptide. 



34, 



A method according to Claim 33 wherein the anchored molecule is VEGF. 



35. A method according to any one of Claims 27 to 34 when used to enhance 

immunity to a specific tumor or disease. 
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36. A method according to Claim 32 wherein the co-stimulatory molecule is CD40 
orB7,L 

37. A vaccine composition comprising cells or membranous material having 
engrafted thereto molecules cspable of modifying an immunological response to a subject 
to which the vaccine is administered, said vaccine further comprising one or more 
pharmaceutical carriers and/or diluents. 

38. A vaccine according to Claim 37 wherein the molecules engrafted to the cells 
or membranous material are co-stimulatoiy molecules. 

39. A vaccine according to Claim 36 or 38 prepared by the steps of> 

incubating fte liposomes, cells or membranous material with a 
chelator lipid such as NTA-DTDA, or a mixture of amphiphilic 
moleculescontaining a chelator lipid, to allow the lipid to 
incorporate in the cells or membranes; 

washing off any unincorporated lipid by centrifiigation or filtration 
and resuspension of the liposomes, cells or membranous structures 
in the appropriate solution or buffer; 

incubating the liposomes, cells or membranous structures with 
incorporated chelator lipid with said molecules to be engrafted; and 

washing off unincorporated molecular material. 



(iii) 



(iv) 
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ABSTRACT 

The present invention relates g«ierally to modifying biological and/or synthetic 
membranes or liposomes, or combinations thereof, for the purpose of altering immunity, or 
for the targeting of drags and other agents to a specific cell type or tissue when 
administered in vivo to achieve a therapeutic effect. Modification of the membranes is 
achieved by incorporation and/or attachment of metal chelating groups, thereby allowing 
engraftment of one or more targeting molecules possessing a metal affinity tag, and a 
targeting of the engrafted membranes to specific cell types or tissues in vivo. Hie 
invention, thus, provides a means of modifying the properties of biological and/or 
synthetic membranes and liposomes for the purpose of altering or enhancing unmunity 

Q when used as vaccines, or for fiie targeting of encapsulated/incorporated drugs or other 

agents to a specific cell type or tissue when administered in vivo, to achieve a therapeutic 

IS eflfect or response, or for modifying a physiological response or biological function. 

m 



m 



I 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
DECLARATION FOR PATENT APPLICATION 



As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my 

name. 

I believe I am the original, first and sole inventor (if only one name is listed 
below) or an original, first and joint inventor (if plural names are listed below) of the subject 
matter which is claimed and for which a patent is sought on the invention entitled 



MODEL MEMBRANE SYSTEMS 



the specification of which is attached hereto and/or was filed on 26 October 2001 as Application 
No. 10/031,859 and 



I hereby state that I have reviewed and understand the contents of the 
above-identified specification, including the claims, as amended by any amendment referred to 
herein. 

I acknowledge the duty to disclose information which is material to patentability 
as defined in 37 C.F.R.§1.56, including for continuation-in-part applications, material 
information which became available between the filing date of the prior application and the 
national or PCT international filing date of the continuation-in-part application.. 

I hereby claim foreign priority benefits under 35 U.S.C., Section 119(a)-(d) or 
365(b), of any foreign application(s) for patent or inventor's certificate, or 365(a) of any PCT 
International application which designated at least one country other than the United States of 
America, Usted below and have also identified below, by checking box, any foreign application 
for patent or inventor's certificate, or of any PCT international application having a filing date 
before that of the application on which priority is claimed: 



FOREIGN PRIORITY APPLICATION(S) 

Priority Claimed 

PO 0023 Australia 28 April 1999 [X] Yes [ ] No 

(Number) (Country) (Day/month/year filed) 

I hereby claim the benefit under Title 35, United States Code §11 9(e) of any 
United States provisional patent application(s) listed below. 

I hereby claim the benefit imder 35 U.S.C. 120, of any United States 
application(s), or 365(c) of any PCT international application designating the United States of 
America, listed below, and, insofar as the subject matter of each of the claims of this application 
is not disclosed in the prior United States application or PCT application in the manner provided 
by the first paragraph of 35, U.S.C 112, 1 acknowledge the duty to disclose information known 
by me to be material to patentability as defined in 37, C.F.R 1.56, which became available 
between the filing date of the prior application and the national or PCT international filing date 
of this application: 



PCT/AUOO/00397 28 April 2000 Pending 

(Application Serial No.) (Filing Date) (Status)--(patented, pending, abandoned) 

As a named inventor, I hereby appoint the attomeys and /or agents associated with 

Dorsey & WJiitney LLP, 250 Park Avenue, New York, New York 10177, Customer No, 

30873 as my attomeys or agents with full power of substitution and revocation, to 

prosecute this application and to transact all business in the Patent and Trademark Office 
connected therewith. , 

Address all correspondence |;o Dorsey & Whitney LLP, 250 Park Avenue, New 
York, New York 1 01 77\^ Please direct air^omni^^ to Janet M. 

MacLeodat(212) 415 93^6, 
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I hereby declare that all statements made herein of my own knowledge are true 
and that all statements made on information and belfef are believed to be true; and further that 
these statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 48 of the 
United States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issuing thereon. 
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